Introduction
The overall injury incidence in amateur soccer typically ranges from 5.2 to 12.4 per 1000 hours of play [1] [2] [3] [4] and is higher during games than in training [5] [6] [7] . Previous studies of amateur soccer have reported injury incidences of 2.0 to 4.5 per 1000 hours for training and 12.3 to 24.7 per 1000 hours for match play [1, 2, 4, 8] .
To our knowledge, studies addressing long-term changes in injury incidence in amateur soccer are scarce. Esquivel et al. [9] observed the estimated number of soccer-related injuries of people aged 5 to 49 years in the USA from 2000 to 2012. They concluded that the injury rate in youth soccer was increasing, despite a decline in participation. With respect to adult soccer, they reported an increase in the number of injuries that was higher than the increase in participation. In contrast, a decreased number of injuries per 100 players was found when data obtained by the Belgian Football Association from the seasons 1999/00 and 2009/ 10 were compared [10] , although there was a higher percentage of severe injuries in the season 2009/10. However, no injury incidences were provided in the two above-mentioned studies. Junge et al. [8] compared injury incidences of Swiss amateur players between 2004 and 2008. They reported that teams performing the prevention programme "The 11" reduced the incidence of all game injuries by 17%, of noncontact game injuries by 27%, and of training injuries by 19% during this period. For other teams, injury rates during games remained stable, whereas injury rates during training increased by 9%. Unfortunately, this study only covered a short time period.
Only a few studies focusing on elite and professional club soccer provide more information about the long-term development of injury incidences [11] [12] [13] [14] [15] [16] . Several studies analysing different periods between 1992 and 2010 found no changes with respect to the total injury incidence in pro-fessional soccer teams [11] [12] [13] [14] [15] . Training and game injury rates, as well as the incidence of severe injuries and muscle injuries, were also stable for top European male teams between 2001 and 2008 [14] , but Dauty and Collon [13] concluded that the rate of muscle injuries had increased continuously in a French professional team between the seasons 1995/96 and 2009/10. Contrary to expectations, another study showed a decreasing tendency with regard to injury rates between 1993 and 2007 for professional soccer games in Japan [11] .
Finally, one further study analysed the trend of injury incidence of male and female players in different world soccer tournaments between 1998 and 2012 [17] . The results suggest that the average number of injuries per game decreased in both men's FIFA World Cups and the tournaments of the Olympic Games during this period, but increased for the corresponding female tournaments. The incidence of noncontact injuries remained stable; the trends mentioned above were mainly caused by changes in the frequency of contact injuries.
In Switzerland, 80,000 soccer-related injuries are recorded annually [18] . Consequently, injury prevention has been promoted in recent years. Between the years 2004 and 2011, all soccer coaches were instructed during their basic education and during refresher courses to implement "The 11" in their soccer training. Since 2011, another prevention programme called "Sports Basics" has been promoted and implemented in the education of coaches. Additionally, in 2007, fair play measures were launched in low-level amateur soccer leagues and junior leagues. More specifically, a penalty point system for red and yellow cards was implemented, which is of relevance for the final ranking of a team.
Although detailed information about changes of injury incidence with respect to level of play, injury causes and injury characteristics can make an important contribution to improving injury prevention, thus far little is known about the long-term development of injury incidences in amateur soccer. Therefore, the purpose of the present study was to compare injury incidences in Swiss amateur soccer between the years 2004, 2008 and 2015. More specifically, the present article focuses on the following three research questions. (1) How has injury incidence changed in amateur soccer? (2) How has injury incidence changed in different amateur soccer leagues? (3) How have injury characteristics and injury causes changed in amateur soccer? For the latest survey, a random sample of 1260 coaches was contacted by telephone. The sample was drawn from a complete list provided by the Swiss Football Association (SFV) of 5719 coaches who were engaged either in male amateur leagues (including 2nd-5th amateur league, juniors 14-20 years and 30+/40+ leagues) or in female leagues (all levels). Of the selected coaches, 1008 were willing to take part in the survey (80.0% response rate). The 252 (20.0%) nonresponses were due to the following: no longer coaching a soccer team (n = 64), not coaching an amateur team (n = 22), could not be contacted because of unavailability (did not answer the telephone call repeatedly) (n = 50), incorrect telephone numbers (n = 37, and other reasons (n = 21) such as language problems. Additionally, 58 coaches refused to be interviewed.
Methods
The computer-assisted, fully structured telephone interviews were conducted by the LINK Institute, which specialises in this kind of survey. On average, an interview took 21 minutes to complete. In Switzerland, the ethics committee approval is not mandatory for anonymised surveys as documented by Art. 2 HRA (Human Research Act) and Art. 25 HRO (Human Research Ordinance). Nevertheless, the study followed the ethical principles described in the Declaration of Helsinki.
Questionnaire and definition of injury incidence
The content of the 2015 telephone interviews was almost identical to the survey carried out in 2008, which was developed by Junge et al. [8] and followed the consensus statement of Fuller et al. [19] (the survey used in the 2015 telephone interviews is available on request in German and French language from the corresponding author). First, the coaches had to answer some questions about their team (league, team size, training frequency, etc.). Second, they had to report the number of games played by their team during the previous 4 weeks and to describe all injuries that happened during these games. To achieve the highest level of accuracy with respect to the injury reports, the interviewers strictly guided the coaches. The coaches were instructed to remember the last game and the opposing team. Then they were asked to report the injuries that occurred (for their players) during this specific game. For each injury, the coaches were asked to provide detailed information (body region, type, contact, foul play, severity, medical attention). This procedure was repeated for all games that took place during the previous 4 weeks. Third, the coaches were asked about the number of training injuries that had occurred during the previous 4 weeks, and were invited to provide detailed information about each injury. Finally, the coaches were asked to respond to some questions about their personal background (age, gender, experience as a coach).
Based on the answers of the coaches, injury incidences were calculated as injuries per 1000 hours of game play and as injuries per 1000 hours of training. For the calculation of injury incidence during games, a maximum of five games was considered, in order to reduce recall bias. With respect to games, total exposure time was defined as the product of the number of games, the duration of a game (1.5 hours) and the number of players (11 players); for training exposure, time was calculated as the product of the average number of training sessions per week, the average duration of a training session, the average number of players per training session, the number of weeks for this study period (4 weeks) and the number of teams involved.
Statistical analysis
Data were analysed using the Statistical Package for the Social Sciences software (version 22.0; SPSS Inc). Descriptive data are presented as percentages, means including standard deviations (SDs), and means including biascorrected and accelerated 95% confidence intervals (BCa 95% CIs) calculated by bootstrapping with 1000 replications [20] . Differences between the three surveys with respect to the distribution of coaches by league and with respect to team characteristics were tested with χ 2 statistics and t-tests, respectively. To avoid alpha error inflation, Bonferroni correction was applied. Thus, differences were considered significant at p <0.017. Injury incidence was calculated with Excel 2011 for Mac (Microsoft, Redmond, WA, USA) and defined as the number of injuries divided by the total person-time at risk. To establish the significance of the difference between injury incidences, 95% confidence intervals (95% CIs) were calculated with the following formula [21] :
Incidence rate ± 1.96 * √(number of injuries) / (persontime at risk)
The criterion for statistical significance was set according to Field [20] who states that a moderate overlap between the bars of the 95% confidence intervals (no more than half of each bar) represents a p-value of ≈0.05. (table 1) . However, due to the large sample sizes, differences in all team characteristics (with the exception of training duration) were statistically significant. In 2015, the average number of players per team was 1.4 players more than in 2004, whereas the average number of players participating per training session increased by nearly one player. In contrast, the average number of reported games played during the previous 4 weeks was slightly lower in 2015, whereas training load (number of training sessions per week and training duration) remained relatively stable across the examined time period.
Results

Characteristics of the coaches and their teams
Injury incidence in amateur soccer
The survey of 2015 referred to 1076 injuries that happened during 3964 amateur soccer games and to 525 injuries that occurred during 8338 training sessions. Additionally, an exposure time of 182,961 training hours was considered for the calculations. As illustrated in figure 1 (table 2) . On a descriptive level, in each league the incidence of game and training injuries was higher in 2015 than 2004. Nevertheless, differences across time rarely reached statistical significance in the various subgroups.
Injury incidence in different amateur soccer leagues
Between the years 2004 and 2015, a considerable increase of 109.1% was observed for training injury incidence among female players. However, this change was not statistically significant owing to a limited number of injuries. With regard to injury incidence during competitive games, a significant increase occurred from 2008 to 2015 for 14-to 15-year-old males (47.1%) and males playing in the 30+/40+ leagues (34.4%), and there was a significant decrease of injury incidence in male 30+/40+ league players from 2004 to 2008. For training injuries, a 42.1% increase was found in young male players (14-15 years), and a 61.5% increase among 16-to 20-year-old male players. Furthermore, a remarkably high injury incidence was observed during games in male 30+/40+ leagues. Across all three time-points, this group had the highest injury incidence rates, during both competitive games and training.
Injury causes and characteristics
With regard to injury severity, there were no significant differences in game (table 3) and training (table 4) injury incidence between the years 2004 and 2015. Only the incidence of injuries leading to medical attention significantly increased from 2004 to 2015 (game 20.0%, training 37.5%). However, in 2015, a higher incidence for light (1-7 days lay-off, 40.6%) and severe (>28 days lay-off, 
Discussion
The aim of the present study was to compare injury incidences in Swiss amateur soccer between the years 2004, 2008 and 2015 with respect to leagues, and injury causes and characteristics. One main finding was that the rate of training injuries increased significantly from 2004 to 2015, whereas the injury rate during competitive games increased significantly from 2008 to 2015. On this basis, it can be concluded that the injury incidence in Swiss amateur soccer has increased in the past years. This finding is in line with a previous study analysing soccer-related injuries of children and adults in the USA [9] .
A more detailed analysis of the injury situations showed that the above-mentioned changes in injury incidence may be attributable to various causes. Compared with 2004, the incidence of contact injuries during games in 2015 was higher. Additionally, the incidence of foul play injuries during games increased from 2008 to 2015. These findings suggest that competitive amateur soccer in Switzerland may have become more physical. In contrast, the higher incidence of training injuries in 2015 was mainly due to an increased rate of noncontact injuries. This indicates that the intensity of playing may have increased during amateur soccer training. The long-term development of injury incidence in the different amateur soccer leagues provides important insights for the improvement of prevention strategies. A comparison of the 2004 and 2015 data points towards a tendency for injury incidence to increase across all leagues. From 2008 to 2015, significant increases were observed among junior (both training and game) [9] and veteran soccer players (only game). Although not statistically significant, the increased injury incidence during female soccer training is worth noting. As Junge and Dvorak [17] concluded, the playing style of women has become more intense in top tournaments. Although speculative, it can be assumed that this trend also pertains to female soccer training, and both to youth and veteran soccer.
In line with previous research [22] , remarkably high levels of injury incidences were identified during competitive games and training sessions in male 30+/40+ leagues. Our data support previous research showing that injury risk increases with age [23] [24] [25] . As a consequence, male 30+/40+ league players should be a main target group for injury prevention. Although Hammes et al. [5] were unable to find a preventive effect of "FIFA 11+" among veteran soccer players, this might be as result of the low frequency of training sessions. Thus, more concerted efforts are needed to find out how injury prevention can be implemented successfully among older amateur players.
During both games and training, the incidence of medical attention injuries increased significantly between 2004 and 2015. This may be related to the fact that players had a lower threshold for consulting a physician. It might also be an indication that injuries in Swiss amateur soccer have become more severe. The latter assumption is supported by the fact that, on a descriptive level, moderate (time loss of 8-28 days) and severe (time loss of >28 days) game injuries increased between 2004 and 2015. The development of severe injuries sustained during competitive games between 2008 and 2015 is of particular concern. Furthermore, significant differences regarding injury characteristics were in line with the assumption that injury severity may has increased over time. Compared with 2004, injuries to the knee, injuries to the upper limb, sprains and bone fractures were more frequently observed during competitive games in 2015. The changes in injury severity and injury characteristics corroborate the notion that amateur soccer in Switzerland may have become more intensive, including higher speeds and forces, which leads to a higher number of serious falls and severe injuries such as bone fractures.
Possible limitations of the present study design such as memory effects and reporting bias have been discussed previously by Junge et al. [8] . Since these effects were similar across all three years the data should be comparable and changes in injury incidence should be conclusive. However, the generalisability of the calculated injury incidences is limited due to the study design. In general, injury data collected by sports coaches are likely to underestimate injury incidence [26] . Nevertheless, the incidences of game and training injuries were comparable to those reported for amateur players in other studies [1, 2, 4] . Additionally, a game duration of 90 minutes and a number of 11 players was used as a basic assumption when calculating the total exposure time. However, for a few junior teams (male and female 14-15 years), as well as for a few veteran teams, play time was shorter (e.g., 80 minutes) and fewer players are engaged on the field (7 or 9 players). As a consequence, injury incidence may have been underestimated in these leagues. All in all, we assume that these few cases should not have an impact on our data. Furthermore, we acknowledge that our study does not provide real longitudinal data, in which the same individuals are followed-up over time. Rather, changes observed over time are based on potentially different individuals (that is, different coaches who may refer to different players). Finally, as described in the methods section, the coaches were asked to report injuries during games when they were present. With regard to the training sessions the question was formulated in a more general way. That is, coaches were asked about the number of training injuries that had occurred during the previous 4 weeks. Moreover, coaches were invited to provide details about each injury. Since coaches might not have been present at each individual training session, it is plausible that coaches may not be aware of some minor injuries that have occurred during training. Accordingly, it is possible that we underestimated the incidence of minor injury during training sessions in the current study.
Conclusion
During the past years, injury prevention programmes and fair play measures have been successfully implemented in Swiss amateur soccer [8] . Additionally, the international literature supports a positive effect of prevention programmes in youth soccer [27] [28] [29] , female soccer [30] [31] [32] and amateur soccer in general [30, 33, 34] . Nevertheless, the present study shows that, despite these measures, there was an increase of incidence from 2004 to 2015 in contact injuries during games, noncontact injuries during training and medical attention injuries. We therefore suggest that the development, scientific evaluation and implementation of appropriate preventive strategies in amateur soccer need to remain a top priority for policy makers. Furthermore, there is a continued need for studies monitoring the development of injury incidence in amateur soccer across time.
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